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Main Topics You Can Find in This “ICME-13 
Topical Survey" 


A thought-provoking discussion about adult learners, lifelong learning, and 
mathematics and their beneficial but challenging relationship; 

An extensive literature review of “adult mathematics education" and presentation 
of synopsis of the six emerging themes; 

A critical discussion about recent developments in adult mathematics/numeracy 
in terms of policies, provisions, and challenges; 

A detailed discussion of some of the paradoxes and tensions that are emerging as 
adult learning mathematics becomes increasingly regulated in a rapidly developing 
digital world; 

A discussion about five potential strategies to promote lifelong learning of 
mathematics among adult learners. 
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Chapter 1 
Introduction 


The troika of adult learners, lifelong learning, and mathematics is a unique one. 
They all are significant in individual capacity and when intermingled makes a use- 
ful combination for the benefit of humanity and society. Adult learners are a significant 
proportion of the world population, lifelong learning is vital to keep one active 
and engaged, and mathematical learning is important to success in different walks 
of life. Adult learners practicing lifelong mathematical learning are supposed to be 
more productive, economically active, and individually satisfied. Instead of these 
obvious benefits, it is an irony that promotion of lifelong learning of mathematics 
among adult learners is not high on national and international agenda. In this back- 
drop, the present book mirrors the troika of adult learners, lifelong learning, and 
mathematics from three angles. The first angle reveals that adult learners, lifelong 
learning, and mathematics are significant in individual capacity and when intermingled 
makes a useful combination for benefit of humanity and society. Adult learners are 
a significant proportion of world population, lifelong learning is vital to keep one 
active and engaged, and mathematical learning is important to get success in dif- 
ferent walks of life. Adult learners practicing lifelong mathematical learning are 
supposed to be more productive, economically active, and individually satisfied. 
The observation ends on the note that instead of the obvious benefits, promotion of 
lifelong learning of mathematics among adult learners is not high on national and 
international agenda. 

The second angle confirms that the literature base on adults learning mathematics 
has grown substantially over the past twenty-five years. It is not, however, main- 
stream and much of the research lies hidden in doctoral dissertations and con- 
ference proceedings. Summarization of the results of a literature review and 
examination of journal articles indexed as “adult mathematics education" present 
before us six themes related to adult learning mathematics. While, the third angle 
looks at recent developments in adult mathematics/numeracy in terms of policy and 
provision and discusses some of the paradoxes and tensions that are emerging as 
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adult learning mathematics becomes increasingly regulated in a rapidly developing 
digital world. This observation further lead us towards a number of very useful and 
pertinent questions like—How can the research domain of adult learning mathe- 
matics develop to be able to connect with the emerging disciplines associated with 
e.g., technology development? How is numeracy conceptualised and what does 
this mean for adult learners of mathematics and for their teachers? What kinds of 
adult mathematics provision are being developed? How is this being translated into 
practice and what provision is needed for developing teacher knowledge, skills and 
competence? After mirroring the troika from all these angles, the book presents 
five potential strategies for promotion of lifelong learning of mathematics among 
adult learners and hope that academicians, researchers and policy makers will 
take cognizance and find out useful ways, techniques and policies to support adult 
learning mathematics. 
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Chapter 2 
Survey on State-of-the-Art 


2.1 The Troika of Adult Learners, Lifelong Learning, 
and Mathematics 


What are "adult learners"? Adult learners are usually defined as a very diverse 
group (typically ages 25 and older) with a wide range of abilities, educational and 
cultural backgrounds, responsibilities and job experiences (Southern Regional 
Education Board 2015). ‘Adult’ is interpreted as referring to people who start, 
resume or continue their education in formal, informal or non-formal settings, 
beyond the normal age of schooling in their societies (ICME 13 2015). Looking 
into the future we see a rising number of adult learners. Adult learners are different 
from traditional college students. Many adult learners have responsibilities (e.g., 
families and jobs) and situations (e.g., transportation, childcare, domestic violence 
and the need to earn an income) that can interfere with the learning process. Most 
adults enter educational programs voluntarily and manage their classes around 
work and family responsibilities. Additionally, most adult learners are highly moti- 
vated and task-oriented (Merriam and Caffarella 1999). Talking about the charac- 
teristics of adult learners, Pappas (2013) observes, 


Adults are characterized by maturity, self-confidence, autonomy, solid decision-making, 
and are generally more practical, multi-tasking, purposeful, self-directed, experienced, 
and less open-minded and receptive to change. All these traits affect their motivation, as 
well as their ability to learn. 


These adult learners face many challenges in their lives, such as multiple 
careers, fewer stable social structures to rely on, living longer, and dealing with 
aging parents. The past is less helpful for them as a guide for living in the present. 
Their life is complex due to career, family, and other personal choices (Cercone 
2008, p. 139). These adult learners are supposed to have some kind of sup- 
port system to keep them active, productive, and receptive to face the challenges 
and complexities of life. Learning throughout life is one such support system. 
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Continuing learning helps one to learn new tricks, adapt well to changing socio- 
economic conditions, and emerge as a better citizen. The real value of lifelong 
learning is to enable people to equip themselves to act, to reflect and to respond 
appropriately to the social, political, economic, cultural and technological chal- 
lenges they face throughout their lives (Medel-Afionuevo et al. 2001). 


2.1.1 Lifelong Learning for Adult Learners: 
Need and Significance 


The concept of lifelong learning stresses that learning and education are related 
to life as a whole—not just to work—and learning throughout life is a continuum 
that should run from cradle to grave. According to this concept, lifelong learn- 
ing refers to all kinds of formal education and training (whether or not they carry 
certification); and can occur anywhere including education or training institu- 
tions, the workplace (on or off the job), the family, or cultural and community set- 
tings (Misra 2012, p. 289). Lifelong learning, according to Royce (1999, p. 149), 
"Aims to give students the skills to go on learning throughout life and also posi- 
tive attitudes towards learning which accept and even welcome change and new 
learning." In this sense, lifelong learning supports the development of knowledge 
and competences to enable each citizen to adapt to the knowledge-based society 
and actively participate in all spheres of social and economic life. In the European 
Commission (2001, p. 9), Lifelong Learning (LLL) is defined as 


All learning activity undertaken throughout life, with the aim of improving knowl- 
edge, skills and competence, within a personal, civic, social and/or employment-related 
perspective. 


The other definition of Lifelong Learning given by Jarvis (2006, p. 134) is very 
relevant with reference to adult learners, 


The combination of processes throughout a life time whereby the whole person-body 
(genetic, physical and biological) and mind (knowledge, skills, attitudes, values, emo- 
tions, beliefs and senses) — experiences social situations, the perceived content of which 
is then transformed cognitively, emotively or practically (or through any combination) and 
integrated into the individual person's biography resulting in a continually changing (or 
more experienced) person. 


The essence of these definitions helps us to claim that lifelong learning offers 
different opportunities for adult learners to learn in a variety of contexts—in 
educational institutions, at work, at home and through leisure activities (Misra 
2012). Schuller and Watson (2009) advocates that the right to learn throughout life 
is a human right and vision about a society in which learning plays its full role 
in personal growth and emancipation, prosperity, solidarity and local and global 
responsibility. Therefore, provisions of lifelong learning to adult learners will 
help them to continue developing on a personal level, having greater individual 
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autonomy and making a more active and productive contributor to society. The 
role of lifelong learning in the life of adults is clearly visible from a study reported 
by Brien (2009), 


When a group of older adults, age 55-75, were asked if they would be interested in life- 
long learning and living in a college atmosphere, more than half of the respondents said 
they like the idea of retiring to a home on a college campus. 


Lifelong learning supports adult learners to remain longer in productive employ- 
ment and contribute more to work even in their later stage of life. Wolff (2000, 
p. 10) observes, 


With the decreasing numbers of population aged 20-65, lifelong learning will help the 
elderly to increasingly remain in the work force, as a means of reducing poverty, increas- 
ing economic growth, and giving a stronger sense of self value to the elderly themselves. 
While the elderly lose some skills, such as working in physically demanding and time- 
intensive jobs, overall they can continue to engage in occupations ranging from the most 
rudimentary to the most sophisticated. 


Talking further on this issue, Wolff (2000) advocates, 


In many cases, the elderly will be able to use their existing skills. In other cases, they will 
require training in new skills, such as computer literacy. The elderly also can be trained in 
new productive roles in areas as varied as childcare, senior adult care, school assistance, 
security guarding, and conflict resolution(p.10). 


Lifelong learning offers numerous choices and opportunities for the elderly 
as it helps them to overcome social exclusion and isolation, to remain active, to 
continue their active citizenship, and to utilize their fullest potential for benefit of 
society. The demand of lifelong learning for welfare of adults is clearly advocated 
by a publication of AGE (2007), 


We live in an increasingly knowledge-based society with an ageing population and a more 
intensely competitive global economy. It is therefore vitally important that older people 
continue to learn, keep up with and adapt to change so as not to be excluded from society. 


Talking about the benefits of lifelong learning in the life of adults, Aggett and 
Neild (2014) suggest that there is a considerable body of evidence that clearly 
establishes a wide range of benefits that flow from learning—to society, the econ- 
omy, organisations and individuals. A report from UKCES, The Value of Skills 
concludes that investing in skills and learning benefits to following: 


e Society with higher employment, a healthier population, greater civic participa- 
tion and less crime; 

e The economy by increasing the productivity of the workforce and increasing 
employment rates; 

e Organisations by having a more productive and innovative workforce, by being 
more competitive and more able to adapt to changing economic conditions; 

e Individuals by raising their likelihood of being in employment and by leading 
to improved wages, improved health and well-being and improved resilience to 
changing economic conditions (UKCES 2010). 
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Adding further, Aggett and Neild (2014, p. 4) argues that these outcomes are 
inter-related. According to them, improvements in skill levels can lead to a rise 
in employment, which reduces poverty. Poverty is linked to illness, disease and 
unhealthy behaviours; which means raising skills levels lead to reduced public 
spending on health care. These observations and arguments warrant us to include 
newer areas to practice lifelong learning and look for finding innovative ways to 
offer it among adult learners. Mathematics is one such emerging area and the rea- 
son is simple. Math is a skill that all adults use every day, whether they realize it 
or not. Discovering maths later in life can be really important in achieving their 
potential (U.S. Department of Education 2015). 


2.1.2 Lifelong Mathematics Learning for Adult Learners: 
Perceived Benefits and Challenges 


The conception of mathematics implied by adult mathematics education is broad 
and inclusive, encompassing diverse areas of activity, including: specialized math- 
ematics and service mathematics (as in higher education), school mathematics, 
vocational mathematics, street mathematics, mathematics for everyday living, 
and adult numeracy (FitzSimons et al. 2003). Since today's decisions are based 
on data, it is equally important for adult learners to develop and strengthen skills 
in mathematics. Mathematics skills are a gatekeeper for further education and 
training, and significantly affect employability and career options. Even for jobs 
requiring postsecondary education, employers seek employees who are proficient 
in mathematics, as well as reading; use math to solve problems; and communicate 
effectively (Southern Regional Education Board 2015). In addition to economic 
benefits, mathematics has also been seen as a tool to promote social values and 
termed as part of our culture. Talking about the benefits of mathematics in social 
terms, Schlóglmann (2002, pp. 143-144) emphasizes, 


Democratic principles such as equality, justice and so on need an operational concretiza- 
tion. On the one hand, democracy demands a means for communicating and discussing 
principles in a rational way. Mathematics, with its close relationship to rationality, is our 
concept to do this. On the other hand, democracy demands operational procedures for its 
concrete implementation. Mathematics is again the tool that facilitates this. 


Emerging economies and technological development in the labour market 
is the main reason for demanding mathematics education for all including adult 
learners (FitzSimons 2002). While, Wedege (2010, p. 91) cited a doctoral study of 
Johansen (2006, p. 275) and observed that Johansen's analysis help us to learn that 
politicians and educational planners—in their discourses—constructed a common 
picture of the world with: 


* alabour market with demands on adults’ [mathematical] knowledge and skills 
e an educational system with demands on adults’ [mathematical] knowledge and skills 
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e aneveryday life with demands on adults’ [mathematical] knowledge and skills 
e a societal life with demands on adults’ [mathematical] knowledge and skills 
(Insertion from Wedege (2010, p. 91).) 


Instead of these multi-faceted benefits, adult learners still feel reluctant to life- 
long mathematics learning. The reasons are many. First among them is negative 
perception about mathematics. Many adult learners approach math with anxiety and 
frustration. Negative previous experiences with math instruction create legitimate 
barriers for many adult learners (U.S. Department of Education 2015). Mathematics 
in particular is often associated with negative memories, and so people try to avoid 
using mathematics in their everyday or vocational lives. This leads to a problematic 
affective situation in adult-educational mathematics courses (Schlóglmann 2006, 
p. 15). According to Klinger (2005, p. 7), 


A major challenge for practitioners in adult mathematics education is to achieve effec- 
tive learning outcomes in the face of prevailing negative attitudes in their students, often 
present as a consequence of unsatisfactory early mathematics learning experience and 
flowing from the well established connection between adult innumeracy and mathematics 
anxiety. 


Second, adult learners’ everyday competences do not count as mathematics 
(FitzSimons 2002). Adult learners practice different types of mathematical activi- 
ties in their everyday life. But learners themselves, employers and societies hardly 
recognize these activities as mathematical competences. Talking about this ten- 
dency of adult learners, Wedge (2010, p. 89) comments, “People simply do not 
recognize the mathematics in their daily practice—as mathematics. They do not 
connect the everyday activity and their own competence with mathematics. Most 
of them only associate mathematics with the school subject". As a result, adult 
learners do not pay enough attention to improve their mathematical learning by 
practicing their routine activities. 

Third, a major challenge is procedures of mathematic learning surrounded by a 
popular belief that math is the subject about which students cannot ask “why.” In 
the words of Chisman (2011, p. 7), “The greatest concern of math reform advo- 
cates is that most instruction in this field consists of memorizing rote procedures 
for solving math problems." Too much emphasis on memorizing procedures and 
too little on conceptual understanding lead to a situation where learners started 
hating mathematics. The other issue is ability of school teachers teaching math- 
ematics. Teaching mathematics based on rigorous, focused, and coherent stand- 
ards requires teachers to know mathematics in ways that are likely different from 
how they were taught. Such teaching requires an understanding of the mathemat- 
ics taught but also the mathematics that comes before and after that content so 
that appropriate connections can be established (Dixon 2015). But finding teachers 
having these types of mathematical abilities is getting more and more difficult. 

The above discussions clearly reveal that lifelong mathematics learning is neces- 
sity of our times. Promotion of this learning among adult learners offers multiple 
benefits ranging from personal to social to economical to political. Efforts have been 
made in different parts of the world to realize this potential but success still eludes us. 
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The reason is that mathematics education is facing a number of challenges and these 
are equally applicable to adults learning of mathematics. To know about these chal- 
lenges, it becomes obvious that one must study different researches about adult math- 
ematics education that are spread across the publications of several disciplines—adult 
learning, mathematics education, and educational theory—or lies hidden in doctoral 
dissertations. 


2.2 Learning from Research 


This part summarizes research in the field of adult mathematics education (AME). 
It represents the fruit of a literature review that examined doctoral dissertations 
indexed in ProQuest Dissertations & Theses Global published during the period 
2000-2015 (100 dissertations), journal articles indexed in the Proquest Education 
Journals (100 articles) under the subject heading "adult" and “mathematics” and 
"education", and articles published in the Adults Learning Mathematics publica- 
tions: ALM International Journal (www.alm-online.net/publications/alm-journal) 
and the proceedings for the first 20 ALM conferences (1994 through 2013). The 
overwhelming majority of the articles were found in the publications of Adults 
Learning Mathematics—A Research Forum. Of the Six themes that emerged from 
the review, five are pertinent to the troika of adult learners, lifelong learning and 
mathematics: 


1. Affective Factors—Obstacles to and Advantages of the Adult Learner: 
Several studies addressed the challenge of overcoming math and test anxiety 
and building student self-efficacy to promote success. Motivation and time 
management skills work in favour of the adult learner. 

2. Theoretical Framework—The Underpinnings of Adult Math Education: 
Prominent theorists drew from learning theory, adult theory, and mathematics 
education theory. 

3. Mathematics for citizenship—Improving in Place: Under this theme would 
fall critical pedagogy, parent education and financial literacy. Excluded from 
this category were studies about workplace and vocational education as these 
have a separate topic study group at the congress. 

4. Mathematics for Credentialing—Catching Up: The mathematics taught in 
elementary and secondary (ages 5-16) is offered at a variety of levels glob- 
ally. Included here are adult basic and secondary education designated as ABE, 
ASE, and GED in the US. Developmental mathematics replicates the same 
mathematical content but in a tertiary institution. 

5. Professional Development—The Teacher as an Adult Learner of Mathematics: 
Many studies addressed the education of pre-service and practicing teachers. If 
we are ever going to break the cycle of poor mathematics learning experiences it 
starts with confident and knowledgeable school and adult education mathematics 
teachers. 
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2.2.1 Affective Factors—Obstacles to and Advantages 
of the Adult Learner 


There is an extensive literature base of research on affective factors in mathemat- 
ics education although it is not specific to adults. A recent text explored the the- 
ories that link beliefs and attitudes about mathematics as well as the emotional 
and cultural influences on their development (Pepin and Roesken-Winter 2005). 
Specific to adult education, Schlóglmann discussed the relationship between affec- 
tive and cognitive aspects of mathematics learning by adults. Citing Ciompi, he 
situates the learning of mathematics by adults in two realms of research: cognition 
and psycho-analysis. Schlóglmann states that: 


Adults have many experiences concerning mathematics, especially school mathematics, 
but most of them have also contact with mathematics in their job and in the everyday life. 
All these experiences are combined with positive or negative affects and these affects 
influence their learning processes (Schlóglmann 1999, p. 199). 


Evans has also explored the interplay of affect and emotions in his research 
with adult students. He roots the emotional experiences of students in their cul- 
tural experiences and language, particularly their history of involvement in peda- 
gogic practice (Evans 2002). 


2.2.1.1 Math Histories 


One way to investigate adult mathematics students' earlier mathematics experi- 
ences is the use of mathematics histories. These are often used informally by 
teachers at the beginning of a course as an “ice-breaker’’ activity to learn some- 
thing about their students. They have, however, been used formally by several 
researchers. Thumpston and Coben used semi-structured interviews to explore the 
math histories of mature students at a London tertiary institution. They found that 
students often viewed the mathematics they encountered in their work or personal 
life as being invisible or just “common sense” while they math they could not do 
was mathematics (Coben and Thumpston 1995 and Coben 1997). 

Lindberg used graphs as a tool to gather the math histories of university stu- 
dents who were studying to become mathematics teachers. The graphs and their 
accompanying narratives identified affective factors that were external to school 
(life changes), internal to school (interest and motivational changes), external to 
subject (teaching material and administrative details), and internal to subject (pre- 
knowledge, expectations, or the teacher). One observation that she made relates to 
the teacher, a theme that recurs throughout the AME research: “When the desire to 
learn mathematics and when the interest in mathematics has been good or excel- 
lent the students often have given credit to the teacher (Lindberg 2006, p. 205)" 

Whitty used video interviews of her developmental math students to capture 
their math histories and to solicit input about the characteristics of “good” and 
"bad" teachers. The pivotal role of the teacher surfaces again in their responses. 
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The positive impact of initial successes in the course resonated in their increased 
confidence (Whitty 2010). Whitten interviewed six young adult learners to evalu- 
ate their beliefs, attitudes and learning histories. He identified five themes in their 
responses: Mathematics is a collection of discrete bits of knowledge separate from 
the real-world, the purpose of studying math was to complete problems correctly, 
understanding was peripheral to that task, the teacher is the ultimate, external 
authority, and listening to that authority passively represented learning mathemat- 
ics (Whitten 2013). 

In a rich and detailed doctoral dissertation, Yuen used math histories to uncover 
the roots of math anxiety in adult students in a developmental class. She too found 
major themes that emerged from the analysis of the data, themes that echo those 
found by Whitten: a belief that learning math means following proscribed steps, 
expectations concerning the role and behaviour of an instructor, roadblocks inher- 
ent in the developmental college delivery system, a view of mathematics that is 
procedural rather than conceptual, importance of rote memorization of skills and 
prescribed steps, and the need to take control of one's learning. 


2.2.1.2 Math Anxiety 


It is almost 40 years since Sheila Tobias wrote her landmark book about the 
phenomenon that has come to be known as “math anxiety.” The premise of her 
research was the conviction that adults were unsuccessful in mathematics classes 
because of the presence of math anxiety rather than the absence of ability. The 
cited research on math histories attests to its pervasive existence. In the interven- 
ing years, many researchers in adult mathematics education have examined vari- 
ous facets of the phenomenon. Some, including Yuen, have suggested paths to 
victory for achievement over anxiety. 

Yuen suggest five strategies aimed at moving the adult classroom from the 
teacher-focused structure indicated by students to one that is more learner-centered. 
Her first suggestion states that students should be given active control in the learn- 
ing process, Secondly, instruction should have two goals, development of concep- 
tual understanding and then the refinement of procedures useful in similar situations. 
The fostering of a positive atmosphere and quashing negative, anxiety producing 
experiences through vigilant, open communication between instructor and students 
is her third recommendation. Contextualizing problems is her fourth suggestion fol- 
lowed by a fifth and final one, that the instructor helps students see mathematics as a 
logical activity that can be useful in living an adult life (Yuen 2013). 

For her doctoral research, Parker interviewed adults who had overcome math 
anxiety but had successfully overcome it because the motivation to succeed 
proved more powerful that the fear of the subject. She found that each individual 
story followed a pattern, and Parker describes the transition as a six-step journey 
through and beyond math anxiety: 


e Perception of a need to become more comfortable with math 
e Making a commitment to address the problem 
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Taking specific actions to become more comfortable with math 

Recognizing that a turning point had been reached 

Changing one's the mathematical perspective 

Becoming part of the mathematical support system for other math anxious adults 


Parker concluded that overcoming math anxiety during adulthood involves mak- 
ing a transition of major magnitude, that there is an identifiable process, and that 
a support network is a necessary factor for accomplishing the task (Parker cited in 
Safford-Ramus 2003, p. 57). 


2.2.1.3 Self-efficacy 


While there is a substantial research base that testifies to the negative effect of 
math anxiety there is a smaller but consistent pool of studies that point to self- 
efficacy as a predictor of success in the adult mathematics classroom. The con- 
cept is attributed to the work of Bandura who will be discussed in the section on 
theoretical frameworks. Stated simply, “Perceived self-efficacy refers to beliefs in 
one's capabilities to organize and execute the courses of action required to pro- 
duce given attainments" (Bandura 1997, p. 4). More recently, Dweck speaks of 
"mindset" and asserts that “The view you adopt for yourself profoundly affects the 
way you lead your life. A fixed mindset believes that your qualities are static. A 
growth mindset believes that your basic qualities are things that you can cultivate 
through your efforts" (Dweck 2006, pp. 6-7). Dweck suggests strategies that pro- 
mote movement from a fixed mindset to a growth mindset. These include: 


e Establish a growth environment. 

e Focus on processes. 

e Offer constructive criticism that helps the student understand how to fix 
something. 

e Set high standards and help the student reach them. 

For slower students, try to figure out what they do not understand and what 

learning strategies they do not have. 

Apply the growth mindset to your own teaching. (Dweck 2006, pp. 205-206; 

cited in Safford-Ramus 2015) 


Rowland, in a study of 15 adult undergraduates, found that the following teacher 
behaviours promoted self-efficacy: 


e Verbal persuasion, in which the instructor gives a clear statement of his/her phi- 
losophy and expectations, continually offers positive reinforcement, and encour- 
ages questions at all times. 

Emotional arousal is mitigated by a relaxed classroom environment, a patient 
teacher, content relevant to student lives, and the use of manipulatives. 

Vicarious learning was supported by the manner in which course material was 
presented and by both the teacher and peers modelling successful critical-think- 
ing and problem-solving strategies (Rowland 2004 cited in Safford-Ramus 2015). 
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Zielke, in a doctoral dissertation, described an intervention designed by him based 
on successful coaching methods. Using the acronym CHAMP, he devised a pro- 
gram that guided students to move from a state of math anxiety to one of self- 
efficacy. Using cue words to recall the need to do certain things at certain times, a 
goal setting focus on the here and now, arousal control to keep emotions in check 
in trying situations, modelling and mental imaging of good performance, and 
praise, persuasion, positive self-talk his students tackled their math course as if it 
were a sport event to be won (Zielke 2000). 


2.2.2 Theoretical Framework—The Underpinnings 
of Adult Math Education 


Adult mathematics education straddles the borders of many academic disciplines. 
Benn describes it as “moorland” without clear boundaries, adjoining mathematics, 
mathematics education, and adult education with education, literacy, philosophy, 
history, sociology and psychology on the horizon (Wedege et al. 1999). Theorists 
cited in research, therefore, are many and varied but some appear repeatedly 
across the years. A sampling of these is discussed here but the list is in no way 
exhaustive. 


2.2.2.1 Adult Learning Theory 


Malcolm Knowles is credited with popularizing the term “andragogy” to describe 
teaching of adults contrasted with “pedagogy” the teaching of children. His model 
is based on six basic assumptions concerning the divergence of adult learners from 
children: 


e Adults need to know why they need to learn something before undertaking to 
learn it. 

e Adults have a self-concept of being responsible for their own decisions, for their 
own lives. 

e Adults come into an educational activity with both a greater volume and differ- 
ent quality of experience from youth. 

e Adults become ready to learn those things they need to know and be able to do 
in order to cope effectively with their real-life situations. 

e Adults are life-centered in their orientation to learning. 

e While adults are responsive to some external motivators, the most potent moti- 
vators are internal pressures (Knowles et al. 1998, pp. 64—68) 


Whether researchers found that their studies agreed or conflicted with Knowles’ 
criteria it still served as the basis of their work. Many of them refer to other theo- 
rists like Jack Mezirow, Paulo Freire or Lev Vygotsky and authors of social con- 
structivist theory like Albert Bandura, Jürgen Habermas or Michel Foucault. 
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2.2.3 Mathematics for Citizenship—Improving in Place 


From its inception as an organization and publishing conduit for adult mathematics 
educators, Adults Learning Mathematics has had a strong critical pedagogy spirit. 
Many of the founding members had begun their careers as literacy tutors drawn 
into numeracy at the behest of their students. Others taught at further education 
or community colleges, institutions that provide a second chance at learning for 
adults. As a result, mathematics education for empowerment has been implicit in 
the papers presented or explicit in the annual conference theme. This section of the 
paper will summarize papers presented on the themes of numeracy for citizenship 
and, specifically, parenting. Quite by coincidence, the morning newspaper shared 
a Statistic that 69 % of United States parents often struggle helping their children 
with STEM-related homework (Asbury Park Press, September 8, 2015, p. 1B). 


2.2.3.1 Social Issues 


Writing of her work with the Landless People's Movement, Gelsa Knijnik stresses 
the cultural nature of mathematics and the power the subject gives to those who 
teach and do academic mathematics while subjugating practitioners of indigenous or 
"street" mathematics (Knijnik 1997). Benn follows a similar path when detailing her 
journey from a believer that mathematics is value and culture-free to a person ques- 
tioning the power it holds over the adult population, particularly mature students. In 
her words, “I became committed to the notion that adult education has a vital role 
to play in a democratic society. I became convinced that the low level of numeracy 
in our society limit participation and critical citizenship (Benn 1998, p. 156)" In a 
separate paper, Benn argues that the education system perpetuates a limiting social 
class and working-class adults who return to study lack the social support system 
needed to prevail (Benn 1999). This is reminiscent of Parker’s study on successful 
students—one of the key elements she found was the existence of a backup person 
willing to shoulder responsibilities so that the adult student is free to study. 

Coben's paper on Freire and mathematics education has been cited earlier in 
this chapter. She has also researched extensively on the Gramscian view of “com- 
mon sense" and its relation to mathematics education. Like Benn, Coben argues 
strenuously that knowledge of mathematics is socially powerful and possessing 
it carries prestige along with an assumption of superior intelligence in general. 
Common sense, on the other hand, is devalued and individuals who rely on it for 
mathematical decisions see themselves, and are seen by others, as socially inferior 
to individuals who can “do” academic mathematics (Coben 1999). 

Dias investigated the applicability of Freire's liberation pedagogy to a basic 
education program in Brazil. The teachers were accustomed to using his work in a 
literacy program but struggled to transfer that experience to the teaching of math- 
ematics. Teacher discussions revealed “the existence of strong ideological beliefs 
about how mathematics should be taught, who can learn it, and who knows it 
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(Dias 2000)" Even teachers committed to critical pedagogy for literacy fell back 
into traditional views of what mathematics is and how it must be taught. 

Yasikawa warns of the external threats to programs that teach mathematics 
for social justice. Much, if not most, of adult mathematics education takes place 
in venues funded by governmental or industrial agencies. Shifts in policy can be 
abrupt, as in the case of a change in the majority party or global economic events. 
Her paper spotlighted changes in Australian government policy at the time she 
wrote, but the message is cautionary for anyone committed to teaching adults 
mathematics for social justice. She warns that "In order to achieve and sustain 
our social justice commitments, we need to look outwards and work with others 
to build a larger and stronger network in which adult numeracy and mathematics 
education plays an important and critical role (Yasikawa 2006, p. 23)" 


2.2.3.2. Parents 


Adults returning to study mathematics who are parents often state that they want 
to be able to help their children learn math. Brew (2001) found that the benefits 
extend beyond assistance with homework to a sense of improving as a role model 
and altering the math destiny of the next generation. Government agencies, rec- 
ognizing the opportunity to improve the math skills of children while at the same 
time those of their parents, have funded parent-child projects. 

Civil has worked extensively with parents in Hispanic communities. In an early 
project she reported leading a series of mathematics workshops for mothers that 
functioned like a literature club where the women met and discussed informally 
a topic introduced by Civil. The women developed confidence in themselves as 
math learners and it flowed over into their home life (Civil 2001). In a later, larger 
project she worked with parents on topics that were anticipated to be part of their 
children's classroom experience. The goal was to help the parents understand math 
better so that they could work with and help their children at home. Reflecting 
on the courses offered, she states "Providing a safe environment in which their 
questions and ideas are encouraged and honoured is crucial to their development 
as adult learners of mathematics ... as parents ... and as advocates for their chil- 
dren's education (Civil 2002, p. 66)" In a collaboration with Menendez, Civil 
interviewed parents who had attended a series of math workshops conducted com- 
pletely in Spanish. They found confirmation of the theories of Knowles, Vygotsky 
and Freire in their responses and stressed three points in their conclusions: context 
is important, while they prefer concrete examples adults also want to understand 
abstract mathematics, powerful affective factors are present even in nonformal 
instructional settings without pending assessment (Civil and Menendez 2009). 

Ginsburg has also focused her research on parents as adult learners of math. 
In her study, parents and one grandparent from an urban, low-income population 
worked in tandem with their child on problems drawn from the textbook series 
in use in the students’ class. Ginsburg recommends that teachers of adult learners 
consider using their students' children's homework as a focal point for their own 
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learning. This leads the parents not only to a better conceptual understanding of 
mathematics but also allows them to experience the pedagogical changes being 
implemented in the children's classroom (Ginsburg 2008). 

Connolly supervised an Irish program geared to raise the mathematics “com- 
fort level" of parents at schools that serve economically disadvantaged students. 
These parents typically avoid contact with the school because of their own nega- 
tive school experiences or the low achievement of their child. During the initial 
stages of the program the parents worked on math tasks that were a mix of games 
and calculator activities. Later, the children joined them and the parents functioned 
as teacher/leaders of the activities. The response to the program from both the par- 
ents and children was overwhelmingly positive (Connolly 2009). 

Diez-Palomar and Roldan examined a family mathematics program in 
Catalonia. The foundation of their project was a concept they termed “dialogic 
space" which they defined as a place built (not literally) by the participants, a 
place where they felt safe and free to speak and act openly as a person playing 
a role within the group (Diez-Palomar and Roldan 2010, p. 57). In summarizing 
their data, the pair expressed a belief that the dialogic space provided an oppor- 
tunity for adult students to connect their home-based knowledge and academic 
knowledge. They assert that the parents participated more freely when they felt 
that they were a member of a group with a particular role to play (Diez-Palomar 
and Roldan 2010, p. 63). 


2.2.4 Mathematics for Credentialing-Catching Up 


Adults pursue the study of mathematics at every possible education level. Some 
attend adult basic education classes because they have little or no formal education 
or were unsuccessful while in school. Others left secondary school before complet- 
ing the academic requirements for a diploma or leaving certificate which they now 
want for personal goals or need for employment. The decision to commence tertiary 
studies usually dictates enrolment in courses titled *developmental" whose content 
duplicates the mathematics taught in elementary and secondary school. Finally, 
degree programs at the tertiary and graduate levels often require a mathematics 
component. Each of these scenarios is a step forward for the student who brings to 
the task motivation and life experiences that they may have lacked in their past. 

There is extensive overlap in the mathematics content of the instructional set- 
tings described above. Entry-level developmental mathematics courses encompass 
basic arithmetic topics—decimal numbers, operations, ratio and proportion, and 
measurement. The challenges to the instructor are also similar. The students may 
have negative memories of school experiences and dread the possibility of failure. 
Instructional time is condensed—there may be less than forty hours of contact in 
which to cover the content of eight years of formal school. On a positive note, the 
students bring a wealth of life experience, intrinsic or extrinsic motivation, and a 
desire to understand “why”, not just “how”, the procedures work. 
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2.2.4.1 Adult Basic and Secondary Education 


Perhaps the earliest and most effective United States research in adult basic mathe- 
matics education was initiated by teachers in Massachusetts who began in 1992 to 
sculpt a math curriculum based on the 1989 Curriculum and Evaluation Standards 
for School Mathematics. Their document, The Massachusetts Adult Basic 
Education Math Standards introduced twelve standards and included anecdotes 
from teachers who had used the standards as well as suggestions for curricular 
design (Schmitt 1995, p. 33). The project laid the groundwork for later grant- 
funded curriculum development and a commercial textbook series titled EM Power. 

Van Groenestijn (1997) has worked in the Netherlands with literate and semi- 
literate adults. The project, titled Realistic Mathematics Education (RME), 
viewed mathematics as an essential part of adult life and presented math tasks that 
were drawn from real life situations. In a later paper about the same project, she 
describes the challenges faced when assessing learning in the ABE system (Van 
Groenestijn 2001) The RME project is particularly timely as it is sensitive to 
speakers of other languages, a challenge being faced by countries throughout the 
EU at present. Haacke (1998) reported on work at the Regional Educative Centre 
(REC) with independent learning as its focus—students work together on a prob- 
lem than work independently at their own pace. 

In Ireland, O' Rourke suggests guidelines for the development of adult numer- 
acy materials. She lists: building on the learner's prior experience, focusing on 
context rather than content, strive to develop higher order thinking skills, structure 
assessments that reflect the knowledge being sought, and emphasize mathematics 
as a communication vehicle (O' Rourke 1998, pp. 180-181). Colleran devised a 
program that aimed at building problem-solving skills for a group of unemployed 
adults. He used action learning for students to explore and solve problems drawn 
from everyday life and workplace tasks (Colleran 2000). 

Hansen, in Denmark, describes the use of a Flex(ible) Ring as a tool for learn- 
ing a new topic is mathematics by offering a variety of techniques to do so. The 
center of the ring is a theme from everyday life and the tracks that encircle the 
theme are various means—videos, worksheets, written assignments—to explore 
the theme (Hansen 2005). In Germany, Langpaap worked individually with 
ten female students who he possessed little mathematical knowledge. Each ses- 
sion began with the student describing an everyday life event from her past week 
that required mathematics. Using that situation as a starting point, he and the stu- 
dent devised a problem and then solved it, introducing math skills as needed to 
solve the devised problem (Langpaap 2005). Elsewhere in Europe, projects were 
developed under the European Network for Motivational Mathematics for Adults 
(EMMA) and the Norwegian Framework for Adult Numeracy. 

Hoogland researched the design of a multimedia tool for teaching math in an 
ABE setting. His recommendations include posing the problem by using pho- 
tos or film clips, incorporating problem information as text in the photo or pos- 
sibly a voiceover in the film, posing only questions that would be real or relevant 
to the student, and building up the “complexity of the situations and not in the 
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complexity of the mathematical concepts (Hoogland 2008. pp. 174—175)^ 
Rumbelow and Nicolaides reported a BBC project that was an online, informal 
project that aspired to help adults improve their confidence and fluency with num- 
bers in an informal setting. The audience reported using and expressed interest in 
learning more about eight types of numeracy tasks: calculating discounts, convert- 
ing currency or weights and measures, helping with homework, splitting restaurant 
bills and tipping, estimating shopping totals, personal finance, and work-related 
tasks (2010). 


2.2.4.2 Developmental Mathematics 


In the United States, adults commencing tertiary study often lack the academic 
mathematics credentials needed to study collegiate mathematics, courses which 
are usually required to complete any degree program. Most tertiary institutions 
offer refresher or “developmental” mathematics courses to raise the student skill 
level to a point where they can perform at a collegiate level. Because they have 
never taken the secondary courses or did so years before enrolling at a tertiary 
institution, most adults place into a developmental mathematics course, often at 
the most basic level. The situation is not unique to the U.S. Further education col- 
leges in the U.K. and universities in Ireland and Austria have reported interven- 
tions that target the under-prepared student. Gill (2011) reported positive results 
from a one-week intensive review course for mature students at the University of 
Limerick. A separate venture, a Maths Learning Centre, is described in an arti- 
cle by Gill and O'Donoghue (2011). They detail the rationale for the centre, the 
multi-pronged resources offered, and the success rate of the students who availed 
themselves of the facility. Maasz and Schloglmann detailed the situation in Austria 
tracing their work with adults back to the mid-70s (1996). 

Because most community colleges have an open admission policy, they wel- 
come a disproportionate number of the under-prepared population. As a result, 
they are more likely to need substantial developmental programs, sometimes 
separate departments within the college. The rate of success is low. Kimura, in a 
qualitative study, explored the perspective that students and faculty bring to the 
developmental mathematics classroom. She grouped the results under three head- 
ings: Hatred of Math, Magical Thinking and Logical Fallacies; and Doom and 
Resistance. Of the sixteen students Kimura interviewed, eleven stated that they 
hated math and shared stories of years of failure that had fueled negative opinions 
of themselves as learners in general and a lack of self-efficacy. Some of the faculty 
interviewed recognized this fact and tried to build student confidence and success 
but admitted that not all colleagues considered this their role. Among the findings 
that Kimura labelled *Magical Thinking and Logical Fallacies" were the discon- 
nect between student academic skills and the demands of the collegiate classroom, 
misconstruing the institutional constraints of course requirements, reluctance 
to seek help and risk being viewed as remedial. Because they did not recognize 
the course as foundational to success in credit-bearing courses, interviewees set 
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minimal goals—only a “C” grade is needed to pass the course. Finally, what 
Kimura termed “Doom and Resistance" describes the feeling of abandonment by 
their K-12 experiences, the institution, and their instructors (Kimura 2012). Rather 
than being the vestibule to a college degree, for them, and many others like them, 
developmental math is a moat that the strong can swim but where most college 
ambitions drown. 

Interventions at the developmental level are less likely to be a product of large- 
scale government projects than adult basic education program research. In fact, 
most of the research reported at this level lies hidden in doctoral dissertations. A 
few of those projects were grant-funded but for the most part they appear to be 
provoked by personal research agendas. Of the 109 dissertations indexed since 
2000, 37 were at the developmental level and 10 of those specifically addressed 
classroom methods. 

Students in developmental mathematics courses are disproportionally non- 
White. Rambish examined a developmental arithmetic course that stressed concept 
development before procedural competence. She found a significant difference 
in the course grades for students in the conceptual course versus the tradition- 
ally taught sections. In particular, Rambish was interested in the performance of 
African-American students who showed larger gains in the conceptual sections 
(Rambish 2011). Moreno structured an ethnographic study on the work of Freire, 
D'Ambosio, and Mezirow and formed a community of learners who learned math- 
ematics through their personal and shared experiences (Moreno 2011). 


2.2.5 Professional Development—The Teacher 
as Adult Learner 


There are two basic categories of teacher as adult learner. The first includes students 
in undergraduate institutions preparing to become teachers while the second addresses 
practicing teachers who seek to upgrade their understanding of mathematics and/or 
best practices for teaching mathematics. Even here there is a blur of borders as the 
practicing teacher fall into two groups—those who teach children and those who 
teach adults. The former group sits on the fence between pedagogy and andragogy. 
All are likely to have similar teacher training as elementary school teachers. 


2.2.5.1 Pre-service Teacher Education 


Klinger, in two separate journal articles, addresses the weaknesses and needs of this 
cohort. He presents an impassioned argument for breaking the cycle of innumeracy 
writing, “If unaddressed, such mathematics aversion will be carried into primary 
school classrooms, presenting a tangible and substantial risk to the mathematics 
learning experiences of generations of primary pupils and perpetuating the rela- 
tionship between adult innumeracy and mathematics anxiety (Klinger 2011, p. 32). 
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The article proceeds to describe a diagnostic-intervention methodology used in the 
introductory mathematics course for pre-service teachers. Based on the preliminary 
diagnostic instrument, focused instruction, sometimes 1-to-1, targeted the concep- 
tual areas in which the student is weak. A reflective exit questionnaire indicated 
widespread approval by the students. 

Recognizing the importance of the critical middle-school years (ages 11—14), 
Safford-Ramus investigated the state requirements for teaching in grades 6-8 and 
spearheaded the development and initiation of a trilogy of courses for that pre- 
service/in-service population. Based on the consensus she derived from the study, 
the series consists of courses on functions, geometry, and probability and statistics 
(Safford-Ramus 2010). 


2.2.5.2 In-service Teacher Education 


During the first decade of this century, policymakers in England supported multi- 
ple initiatives to improve adult numeracy, focusing on training efforts for numer- 
acy tutors. Edwards (2010) describes some of the training projects that arose from 
the initiatives, remnants of which are now housed in the National Institute of Adult 
Continuing Education (NIACE). Gibney (2010) conducted an action research pro- 
ject with adult numeracy teachers. She devised realistic tasks planned to provoke 
novel solutions that reflected mathematical thinking. 

In the United States, the National Science Foundation funded a numeracy 
teacher project linked to the EMPower series referenced earlier in this chapter and 
the Equipped for the Future project. Adult basic education teachers from six states 
participated during the five-year life of the project. As in the other international 
initiatives, the goal of the project was to build teacher confidence through a strong 
conceptual basis for the procedural mathematics they teach (Schmitt and Bingman 
2009). At the same time, The Department of Education Office of Vocational 
Educational funded the Adult Numeracy Initiative. One major product of ANI was 
an environmental scan of the ABE professional development across the country 
resulting in recommendations for effective PD practices (Safford-Ramus 2007). 

This part provided only the briefest synopsis of the work that has been accom- 
plished in the field of adult mathematics education. The intent before presenting 
all these reviews, however, is to introduce readers to the field and open a door to 
look at recent developments in adult mathematics/numeracy in terms of policy and 
provision and discuss some of the paradoxes and tensions that are emerging as 
adult learning mathematics becomes increasingly regulated in a rapidly developing 
digital world. How can the research domain of adult learning mathematics develop 
to be able to connect with the emerging disciplines associated with e.g., technol- 
ogy development. How is numeracy conceptualised and what does this mean for 
adult learners of mathematics and for their teachers? What kinds of adult math- 
ematics provision are being developed? How is this being translated into prac- 
tice and what provision is needed for developing teacher knowledge, skills and 
competence? Chapter 3 discusses all these issues in detail. 
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2.3 Current Paradoxes, Tensions and Potential Strategies 


It would be wrong to say that there is full or uncomplicated consensus when it 
comes to the issues we grapple with in adult mathematics education. The research 
domain itself is not clearly defined. The discourse on how numeracy is conceptu- 
alised and its relationship with mathematics and literacy is still a matter of debate. 
There is tension between what policy makers define as numeracy and what is sub- 
sequently implemented on the ground through the provision that is offered. How 
can a community in Ireland, a community in South East Asia or a community in 
New Zealand conceptualise numeracy and develop associated policy provision 
to meet the needs of their people? There is clearly no absolute measure, so how 
do we reconcile the multiplicity of interpretations in policy and provision? This 
part explores the paradoxes and tensions that exist in the research domain, practice 
and provision and offers some constructive recommendations to address the issues 
raised. Thinking about a good definition for the research domain and its bounda- 
ries is an important part of working in this area since we have started in the 1990s. 


2.3.1 The Disparate and Competing Conceptualisation 
of Numeracy 


There have been many excellent reviews of the conceptualisation of numeracy 
and its development since the 1990s (see for example Kaye 2010; Coben 2003; 
Gall 2009). In general terms the conceptualization of numeracy focuses around its 
relationship with both mathematics and literacy. Maguire and O'Donoghue (2003) 
developed an organizing framework (Concept Sophistication in Numeracy— 
an Organising Framework), which considers the development of the concept of 
numeracy as a continuum with three merging phases: Formative, Mathematical, 
and Integrative. The phases represent an incrementally-increasing degree of 
sophistication in conceptualisation. Starting from a very limited concept of 
numeracy, where it is considered as basic arithmetic skills (formative phase), the 
framework then moves through to a concept of numeracy as being ‘mathematics 
in context', which recognises the importance of making explicit the significance 
of mathematics in daily life (Mathematical Phase). The continuum culminates in 
a conceptualisation which views numeracy as a complex, multifaceted sophisti- 
cated construct, incorporating, the mathematics, communication (incl. literacy), 
and cultural, social, emotional and personal aspects of each individual in context 
(Integrative Phase). 

Coben (2006) rightly points out that although conceptualization of numeracy 
always includes mathematics is does not work in reverse. Further she highlights 
how numeracy in some circumstances is conveyed as a component of mathematics 
e.g., Wedege et al. (1999), and in others, how numeracy is considered to be “not 
less than maths but more" (Johnston and Tout 1995). Others have highlighted 
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that the acquisition of mathematical skills alone does not constitute numeracy 
(O’ Donoghue 2003, p. 8). Numeracy has been defined as a socially based activity 
requiring the ability to integrate mathematics and communication skills (Withnall 
1995). Other authors have characterized numeracy as a semi-autonomous area at 
the intersection between literacy and mathematics (Gal 2000, p. 23). 

In its earliest conceptualisation numeracy provision was delivered through lit- 
eracy provision, which has influenced its development as a concept, consequently 
any discussion of the conceptualisation of numeracy would be deficient without a 
consideration of this relationship. An evolutionary trail of the concept of numeracy 
(through a literacy lens), initiated with the Crowther definition of numeracy as 'the 
mirror image of literacy', has been attempted by O'Donoghue (2002). He sets out 
the following waypoints in the concepts development: 

Mirror image of literacy. 

Literacy (no explicit concern for numeracy except grassroots interests). 
Literacy (concern for 3R's and basic mathematical skills). 

Functional numeracy (detached from literacy). 

Literacy (numeracy is recognised as an aspect e.g. quantitative literacy). 


Types of literacy (e.g. mathematical literacy, scientific literacy etc.). 
Numeracy detached from literacy equally important (p. 48). 


(O'Donoghue 2002) 


The relationship between literacy and numeracy is further complicated when 
one examines the way numeracy is conflated in written texts and other situa- 
tions involving literacy. Gall (2000) argues that in these situations, literacy can be 
viewed as a component of numeracy, and Coben (2006) highlights that in these 
circumstances ‘numeracy is more than literacy’. Van Groenestijn (2002) considers 
numeracy to have its ‘own content for every individual person’ and to be part of 
a broader set of knowledge, skills and feelings viewed as a ‘backpack’ or ‘entity’ 
filled with a mix of real life experiences and school knowledge and skills. 

Maguire (2003) proposed process model of numerate behaviour. This model is 
extended here, and provides some insights on the inherent conceptual complexity 
of this concept. Numeracy is considered as an individual and dynamic attribute. 
Where numeracy is regarded as an integrated! web of interacting? elements (com- 
munication (including literacy), personal and social development, attitudes, 
beliefs, values, life experience and motivation) with mathematics at its core. The 
term ‘dynamic’ captures the range of interactions that can occur in different con- 
texts, and allows for a shift in the balance of equilibrium of the different elements 
at different times. Numerate Behaviour results from the internal, dynamic interac- 
tion of an individual's mathematics with the other elements of numeracy interact- 
ing with a particular context at a given instant in time. 


! Integrate in this context is defined as ‘to make into a whole, to complete by adding parts to com- 
bine into a whole’. 


?Interact in this context is defined as ‘to act on each other’. 
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Fig. 2.1 The web of integration and interaction 


The process model (Fig. 2.1) put forward for describing how this occurs, has 
been adapted from a model developed by Peyton (1987) in relation to resource 
management. It may be described as follows: 


2.3.1.1 Communication (1) (Fig. 2.1) 


When an individual encounters a numeracy issue in a particular context, he or 
she perceives the situation from his/her own frame of reference. The individual's 
frame of reference is a consequence of their life experiences and the consequent 
values, beliefs and attitudes. In a numeracy situation, the individual's frame of 
reference in inextricably linked with their mathematical skills and knowledge and 
their communication (including literacy) skills. At this stage the individual is faced 
with the task of interpreting the information in whatever form it is communicated 
which describes the ‘issue’. The level of interpretation will be different for each 
individual and is determined by an individual's facility with the particular content 
and form of communication and their ability to interpret that information. 
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2.3.1.2 Identifying the Issue (2) and (3) (Fig. 2.1) 


Based on the individual's level of communication and interpretation and directed 
by the individual's frame of reference, the individual identifies ‘the issue’. 


2.3.1.3 Value Filter (4) (Fig. 2.1) 


Once the issue has been identified the individual identifies and prioritises relevant 
values. Many adults express feelings, beliefs and values about mathematics that 
they have developed as a consequence of the mathematics they experienced in 
school (FitzSimons 1994). At this stage additional information may be sought by 
the individual to further guide their eventual behaviour. Attitudes change as differ- 
ent values are prioritised or as beliefs are modified by new information or learning 
(Peyton 1987). 


2.3.1.4 Belief Filter (5)-(7) (Fig. 2.1) 


The consequences of the value filter are then evaluated against the individual's 
existing beliefs and directed by their motivation i.e. incorporating both the longer 
term goals and the individual's instantaneous reaction. These interactions allow 
the individual to form an attitude towards the issue. Motivation is key to deter- 
mining the observed behaviour. The term is used to capture the longer-term goals 
of an individual, their aspirations and ambitions in the context of their own life- 
long learning. In the second context the term is used to capture an individual's 
*willingness to engage' at a particular instant in time (want to/don't want to, need 
to/have to). The latter interpretation may cause a particular behavioural outcome 
that could in fact be running contrary to the long-term goals of the individual 
concerned. 


2.3.1.5 Intervening Variables (8) (Fig. 2.1) 


At this stage the outcome of the earlier stages is influenced by intervening vari- 
ables. In particular, an individual's personal and social development, their skill 
in making decisions, their confidence, their current priorities, together with their 
opportunity to act, and the level of support available, will together determine the 
person's eventual behaviour which will be observable. 

The relationship between the web of elements is dynamic and the equilib- 
rium shifts between the elements in different contexts. A positive interaction 
takes place when the form in which the information is communicated to the indi- 
vidual matches the individual's facility to communicate so that all the relevant 
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information is extrapolated to identify the issue. In a numerate situation the facil- 
ity to communicate incorporates the ability to interpret mathematical information. 
A negative interaction will be observed when the (content and form of) commu- 
nication and the facility to interpret that form of communication are not comple- 
mentary. Previous negative mathematical experiences may mean that an individual 
believes that he/she is unable to perform a task and be unwilling or reluctant to 
attempt it. The situation is even more likely to occur if the task is presented in 
a way, which is similar to that individual's negative school experience. On the 
other hand a task that is presented that has relevance to the individual and does not 
evoke strong negative feeling may be willingly attempted. Synergistic interactions 
occur more frequently in confident, competent individuals. In this situation, the 
web of elements has provided a collective of positive interactions that culminate in 
evoking synergy. 

This process model of numerate behaviour clearly has mathematics and lit- 
eracy as components of numeracy. Building on Coben's (2006) discussion of the 
relationship between numeracy, literacy and mathematics, the process model for 
numerate behaviour outlined above and the organising framework it is possible to 
see the relationship between numeracy, literacy and mathematics in the context of 
adult mathematics education in an extended way. 

In the formative phase, numeracy is regarded a central component of literacy, 
in the mathematical phase numeracy is a component of both mathematics and lit- 
eracy. In the Integrative phase mathematics and literacy are central components 
of numeracy. Numeracy as a concept spans the divide that separates mathematics, 
real-life, individuals, society and lifelong learning. 

However defined, there is a clear need for numeracy to remain a dynamic con- 
struct capable of re-conceptualisation according to the contexts in which it is used and 
by whom. Viewed as a dynamic concept, numeracy can be conceptualised to suit the 
needs of a community in Ireland, South East Asia or a community in New Zealand 
and associated policy provision can be developed to meet the identified numeracy 
needs. However, as outlined the success of policy lies in its implementation. This 
leads to a third paradox. 


2.3.2 Numeracy as an Individual Attribute Versus 
Legislation for National Curricula and *One Size 
Fits All’ Policy 


The current political and economic environment within which research on adult 
mathematics is situated is affected by the rhetoric surrounding lifelong learn- 
ing. Chapter 2 of this publication discusses adults and lifelong learning in detail. 
However, there is a need to highlight an inherent tension in the current discourse 
as it has relevance to any attempt to understand the nature of the paradox. A syn- 
thesis of the debate regarding the educational meaning of the lifelong learning 
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concept would see it characterised in two ways, each with its supporters. One 
camp sees lifelong learning as a lifestyle ‘ideal’, synonymous with terms like: a 
fulfilled life, personal development and individual liberation. Educationally, this 
camp see lifelong learning as occurring irrespective of institutions, courses, cur- 
ricula or teachers. The opposing camp, in the lifelong learning debate, see the con- 
cept as having much more formal boundaries. They visualise lifelong learning as 
a formal and credentialised activity, carried out by recognised institutions and as 
having measurable outcomes (Burton 2001). 

Literacy, numeracy and digital skills are now essential practices that underpin 
all lifelong learning in a world that is increasingly digital. Together they form the 
basis for the development of all the necessary qualities for effective participa- 
tion at work, in the community and in the home (Gall et al. 2009). The results 
of international surveys including e.g., International Adult Literacy Survey (1997) 
(IALS), The Adult Literacy and Life Skills Survey (2003-2008) (ALLS) and 
Programme for the International Assessment of Adult Competencies (2010-2013) 
(PIAAC) have stimulated a range of policy initiatives to improve adult literacy 
and numeracy internationally. The implementation of these initiatives is often 
problematic. It is important at this point to draw a distinction between the term 
numeracy and the concept of ‘numeracy’. Although the term numeracy was not 
used in every country some conceptualisation of numeracy, can be found in nearly 
all countries (Maguire 2003). Cultural influences and linguistic differences mean 
that the specific term numeracy is not always used. 

Having a recognised policy for adult numeracy means that numeracy will be 
tackled head—on in provision. As government agencies address this issue they 
generally adopt one or other of two approaches. Literacy and numeracy can be 
integrated into the Vocational Education and Training Sector as part of identi- 
fied vocational pathways, as workplace learning becomes increasingly important 
in terms of government priorities (Balatti et al. 2006) or they can be stand-alone 
‘numeracy curricula’. In the vocational situation, numeracy is often described as 
a separate element within the standard, but the result usually closely resembles 
mathematics overlaid with standards and the requirement for measurable learning 
outcomes rather than not numeracy. Clearly defined numeracy curricula are usu- 
ally couched in terms of mathematics with an emphasis on context. 

Coben (2006) described a way of evaluating numeracy curricula based on a 
concept she borrowed from Kell (2001). She suggested that the curriculum needs 
to be considered in relation to the nature of the mathematical demands of adult 
lives. The purpose of teaching and learning in the wider social, political and eco- 
nomic context and the processes and practices of mathematics learning and teach- 
ing with adults. Coben distinguishes between what she describes as Domain 1 and 
Domain 2 numeracy. 

Domain 1 numeracy education is usually associated with a formal standard- 
ised curriculum, often with an accredited outcome focus. This domain has what 
she describes as ‘little use value’ but is valued by adults and governments and so 
has ‘high exchange value’. In contrast, Domain 2 numeracy education is about 
mathematics practices and processes in adult’ lives which may be informal and 
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non-standard. This domain has what she describes as ‘high use value/no exchange 
value’. Domain Two numerate practices are linked to an individual's “common 
sense’, their invisible mathematics (Coben 2000) and thus are not always obvious 
to the individual. 

Other alternative views of the numeracy domain have been put forward. Three 
numeracy lenses were identified by Kanes (2002), visible numeracy broadly asso- 
ciated with common mathematical concepts, processes, language which Coben 
situates in Domain 1 (Coben 2006); usable numeracy is the numeracy of real life 
problem solving situated in Coben's view in Domain 2. Kanes construct of con- 
structible numeracy is "produced by an individual/social constructive process 
usually in a learning situation" (p. 342) depending on the circumstances could be 
located within either Domain 1 or Domain 2. 

Coben (2006) combined the Domain 1/Domain 2 matrix with the degree of 
numeracy concept sophistication continuum and suggested that it is possible to 
position different conceptualisations of numeracy horizontally in terms of concept 
sophistication and vertically depending on the discursive domain in which they 
operate. This approach is problematic as it superimposes an operational axis on a 
conceptual axis. It is not the conceptualisation of numeracy that should be classi- 
fied but rather its implementation in practice. Revisiting Coben's (2006) approach 
it is possible to reconceptualise her framework in a more meaningful way. 

Domain 1 and Domain 2 might be better considered outputs of informal or for- 
mal processes of an individual's numeracy development and view the Domainl 
and Domain 2 matrix as a means to evaluate the effectiveness of the implementa- 
tion of a particular conceptualisation of numeracy in practice. All provision must 
have the potential from an individual's perspective to have high use/high exchange 
value (Fig. 2.2). The evaluation must be completed from the perspective of indi- 
vidual adult learners at whom the provision is aimed, as the perceived useful- 
ness and value will be influenced by the starting point and motivation of the adult 
learner. 

In a situation where an adult is returning to adult basic education for the first 
time a conceptualisation of numeracy as a component of literacy (Formative 
phase) may well suit their needs. In many countries adult basic education is posi- 
tioned on a national qualifications framework and could be classified as having 
high exchange value but with excellent teaching it can also have high use value 
for the individual learners. Curricula are interpreted and translated into learning 
opportunity by teachers who play a pivotal role in ensuring high use value to all 
adult learners. As a dynamic concept numeracy can, and perhaps should, be recon- 
ceptualised as adults develop their numerate behaviour during their lifelong learn- 
ing journey. 

Although the subject of initial teacher education for mainstream teachers is 
well documented in the literature this is much less information on what consti- 
tutes excellent adult numeracy teacher education (Morton et al. 2006). FitzSimons 
(1996) describes the heterogeneity that is characteristic of the teachers in further 
education in mathematics. She found that there were mathematically highly quali- 
fied teachers in practice as well as teachers with low mathematics qualifications, 
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Increasing sophistication of how numeracy is conceptualised | —————— — — ———* 


Formative Mathematical Integrative 


Numeracy concept is defined through policy and implemented through provision 


Evaluate provision and practice and 
position 


High use/low High use/High 
Exchange Exchange 
Value Value 
Low use/Low Low use/High 
Exchange Exchange 
Value Value 


Fig. 2.2 A practical tool for evaluating the implementation of a conceptualisation of numeracy 
into provision in practice 


but who in the first place were well qualified pedagogically. Research in Ireland 
carried out in 2001 (Maguire 2003) and repeated in partnership with the author 
and the National Adult Literacy Agency in Ireland in 2013 (NALA 2013) showed 
very little progress had been made in terms of numeracy teacher qualifications 
over the ten year period. Numeracy, in the main was taught by part-time teach- 
ers with little mathematics or teaching expertise. Other countries e.g. Denmark 
consider teacher training for adult numeracy education as an add-on to existing 
teacher qualifications (Lindenskov and Maguire 2005) while others, e.g., England 
have clearly described development professional pathways for those who teach 
adult numeracy. 

Many Governments reacting to perceived poor results in International surveys 
are developing policies with resource allocation that become less of a priority over 
time (Coben 2006). Clearly there are a number of critical factors that influence 
how numeracy is delivered to adult learners in practice. These are, the policy envi- 
ronment within which teachers must operate, the conceptualisation of numeracy 
being employed and the appropriateness of the teacher training provided. 

The way to ensure that effective adult numeracy provision is available in the 
context of an individual's own lifelong learning is to ensure that numeracy is 
conceptualised and reconceptualised to meet the needs of adults at different 
stages of their lifelong learning journey to ensure high use value/high exchange 
value. Provision must be developed that captures the vision of this dynamic view 
of numeracy and teachers must be appropriately trained to be able to deliver 
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numeracy in all its dimensions in their practice to facilitate the development of 
numerate, self-directed lifelong learners. The practice of numeracy teaching must 
be considered as being professionally challenging, complex and meritorious in its 
own right and resourced and developed accordingly. 

Applications are contextually bound and that demands teachers who have a 
wide and deep understanding. There is tension between individualising and defin- 
ing the solution. The challenge is not to atomise but to take an holistic approach. 
To maintain relevance to the largest number of learners we need teachers who 
can manage big ideas. An effective teacher of numeracy has to cross boundaries 
including e.g., those of mathematics, communication/literacy, technology. This 
multiplicity of numeracy conceptualisation and provision is inevitable but is it 
necessarily a bad thing? AII too often in looking for solutions the first reaction is 
to work towards homogenisation as often exemplified in mathematics education, 
perhaps it is time to accept that heterogeneity is a valid approach to meeting the 
needs of adult learners. In other words, the challenge before teachers and practi- 
tioners in adult mathematics education is to assimilate all these conceptions and 
approaches to find effective ways to break through the prevailing barriers so that 
adult learners may experience success in mathematics education on a lifelong 
basis. 


2.4 Promoting Lifelong Mathematics Learning 
Among Adult Learners: Potential Strategies 


Above discussions clearly establishes that efforts should be made at different levels 
(personal, societal, institutional, and governmental) for promotion of lifelong 
mathematical learning. Talking about the promotion of lifelong mathematics learning 
among adult learners, a publication of ALM (Johnson 1998, p. 229) suggests, “It is 
important that we hold multiple perspectives towards the various goals for adults 
in learning mathematics and not jump overboard for a particular view of that may 
simply be a passing fad". Considering this advice, it seems that we have to work on 
various strategies to promote lifelong learning of Mathematics among adult learners. 
Five potential strategies that may help to promote lifelong learning of mathematics are 
discussed one by one. 


2.4.1 Promoting Self Directed and Experiential- Learning 
of Mathematics Among Adults 


It is often said that self-learning is best learning and this is more applicable for 
adult learners. The reason is that adults have various experiences and skills and are 
supposed to use them for learning new contents, methods or techniques. The key 
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assumptions are that adults tend to be more self-directed, that adults have a vast 
reservoir of experience that can be used as a resource for learning, that adults are 
problem centered, and that they need to know why they need to learn something 
(Merriam et al. 2007, p. 84). While, Frees (2013) observes, “We know that adults 
learn best through experience, both by taking advantage of the experience they 
have and by acquiring new experiences; then synthesizing the old with the new to 
create new meaning.” But the question is that how to realize this formula in adult 
learning of mathematics. Frees (2013) offers a solution, “Two key ways we can 
engage adult learners, that are active by their nature, are to include opportunities 
for self-directed and experiential learning." 

“Self-directed learning has been seen a process of learning, in which people 
take the primary initiative for planning, carrying out, and evaluating their own 
learning experiences" (Merriam et al. 2007, p. 110). Whereas, experiential learn- 
ing is learning by doing and then reflecting on what was done. These two ways of 
learning is quite helpful for adult learners, as noted, 


This is just as important as learning the mathematics per se. This should be an integral 
part of the learning process. That is not to say that adults should not learn skills and tech- 
niques, but that they need to understand how such skills and techniques contribute to their 
personal goals and needs (Johnson 1998, p.229). 


Considering the potential, mathematics teachers and researchers are supposed 
to devise ways and techniques to promote self directed and experiential learning 
of mathematics among adult learners. Here we must also keep in mind that this 
type of learning will be a valuable addition to conventional mode of learning i.e. 
teacher-taught and not a subtraction to it. 


2.4.2 Involving Adults (Parents) in Mathematics Education 
of Their Children 


Parental involvement in the form of 'at-home' interest and support has a major 
influence on pupils' educational outcomes and attitudes (Muir 2002). This is 
equally true in case of mathematics education. For example, results from a study 
conducted by Cai (2003) indicated that parental involvement is a statistically sig- 
nificant predictor of their children's mathematical achievement and also promoted 
positive behaviours and emotional development. He also identified five paren- 
tal roles in middle school students learning of mathematics: motivator, monitor, 
resource provider, mathematics content advisor, and mathematics learning coun- 
sellor. Similarly a study by Civil (2002) reported that students were of the view 
that having parents as teachers has proved to be an extremely rich experience and 
it allows them to learn more about their understandings of mathematics Need 
of the hour is that we must use all such findings to lure parents to keep learning 
mathematics to teach their children. This learning will help them in many ways. 
First, they will be more motivated and committed to understand mathematics and 
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its importance in their lives and strengthen their beliefs about its teaching and 
learning. Second, as parents themselves learn mathematics with an emphasis on 
understanding they will become quite vocal about the importance of mathematics 
education for their children. 

Therefore, involving adults (parents) in mathematics education of their chil- 
dren will be a win-win situation. This involvement will help them to understand 
mathematics from point-of-view of a teacher and learn about its different aspects. 
Besides, this involvement will also make them more committed and eager to 
become a lifelong mathematics learner and practitioner. 


2.5 Helping Adult Learners to Practice Connectivism 
in Mathematical Learning 


“The challenge for teachers and practitioners in adult mathematics education at 
any level is to find effective ways to break through the barriers of anxiety and dis- 
affection and to allow students to experience success ....... Ultimately, the greatest 
achievement will arise when students can overcome their anxiety and aversion to 
become independent learners with the capacity to extend willingly their engage- 
ment with mathematics (Klinger 2010, p. 154)" This requires a paradigm shift in 
the system of mathematics education. Connectivism, a theory proposed by George 
Siemens (Siemens 2005) denouncing boundaries of behaviourism, cognitivism, 
and constructivism holds promise in this direction. This theory works on the prin- 
ciple that a learner who is connected with more content and has more interactivity 
with the content learns more than anybody else i.e. one who is more connected 
learns a more than the self. In words of Siemens (2005), 


Connectivism is the integration of principles explored by chaos, network, and complexity 
and self-organization theories. Learning is a process that occurs within nebulous environ- 
ments of shifting core elements — not entirely under the control of the individual. Learning 
(defined as actionable knowledge) can reside outside of ourselves (within an organization 
or a database), is focused on connecting specialized information sets, and the connections 
that enable us to learn more are more important than our current state of knowing. 


Explaining about the potential usage of connectivism in mathematics education, 
Klinger (2011, p. 16) observes, "Every new mathematics learning activity should 
be approached from a language perspective, first identifying a common base of 
understanding with which students can connect so that concepts can be discussed 
in natural language before proceeding to translate them into the formalism of sym- 
bolic mathematics language.” It is supposed that use of connectivism will help 
math-averse and mathematically anxious adult learners to bring content and con- 
tent resources together to learn mathematics in a better and understandable way. 
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2.5.1 Promoting Technology-Based Teaching Learning 
Activities for Adult Learners 


Talking about the use of technology as a lifelong learning tool, European 
Communities (2010) accept, “Technology not only stimulates creativity and inno- 
vation, it also contributes to intercultural dialogue and plays an important role in 
helping us all overcome our own individual learning challenges.” Like different 
walks of life, technology can be of immense help for promotion of mathematical 
learning among adults. There are researches that support this claim. For example, 
Alan (2012) conducted a study to consider the use of mathematical educational 
software as a means of enhancing the performance rates of adult learners of 
mathematics in developmental courses and observed that average student in the 
MyMathLab/MathXL based LE course has an average grade of 2.25 (C) versus the 
average grade of 1.09 (D) in a traditional LE math course. These results were also 
substantiated by the claim of all the observed students that they were able to iden- 
tify the areas that they are deficient in and spend the time on the computer “filling 
in the gaps" of their learning. 

In fact, technological tools offer both content specific and content neutral sup- 
port in mathematics learning. In mathematics education, content-specific tech- 
nologies include computer algebra systems; dynamic geometry environments; 
interactive applets; handheld computation, data collection, and analysis devices; 
and computer-based applications. These technologies support students in explor- 
ing and identifying mathematical concepts and relationships. Content-neutral 
technologies include communication and collaboration tools and Web-based digi- 
tal media, and these technologies increase students’ access to information, ideas, 
and interactions that can support and enhance sense making, which is central to 
the process of taking ownership of knowledge (NCTM 2015). Therefore, more 
research is necessary to ensure the viability of developmental math learning with 
the use of technology over learning within the traditional classroom lecture format. 


2.5.2 Establishing Lifelong Mathematics Learning 
Communities for Adult Learners 


All over the world different communities, associations and organizations are working 
to promote adult learning. Parallel to these efforts, we need a new initiative in the form 
of establishment of Lifelong Mathematics Learning Communities for Adult Learners 
at local, regional, national and international level. Redecker et al. (2009, p. 11) support 
this claim, 


Social computing can actively support lifelong learning by offering accessible, flexible 
and dynamic learning environments that can complement and supplement initial train- 
ing. Furthermore, the networking potential of social computing, together with its power 
in overcoming time and space barriers, supports interaction and collaboration among and 
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between learners and teachers who are geographically dispersed and enables students to 
broaden their horizons, and collaborate across borders, language barriers, and institutional 
walls. 


These learning communities for elderly can be established online as well as in 
the form of traditional organizational establishment. The role of media experts and 
organizations will be to establish and provide technical support to these communi- 
ties, while adult learners will be required to take care and run these communities. 
These establishments will act as connecting link for adult learners to fulfil their 
lifelong mathematical learning needs. These establishments will also provide a 
forum for the elderly to showcase their expertise and experiences for development 
of new ways and techniques to practice mathematical learning. In nutshell, these 
learning communities will be a viable platform for all those adult learners willing 
to practice mathematical learning on continuing basis or looking forward to share 
their experiences and expertise to promote it. 
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Chapter 3 
Summary and Looking Ahead 


e Significance of troika of adult learners, lifelong learning, and mathematics is 
described; 

e Summarization of the results of a literature review and examination of journal 
articles indexed as “adult mathematics education" are presented; 

e Recent developments in adult mathematics/numeracy in terms of policy and 
provision and some of the paradoxes and tensions are discussed; 

e A number of very useful and pertinent questions regarding adult learning 
mathematics are raised; 

e Five potential strategies for promotion of lifelong learning of mathematics 
among adult learners are put forward. 
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